Abstract: Recent literature reports that the future of seaweed aquaculture lies in two directions; in the medium term towards high value products such as functional foods and nutraceuticals, whereas in the longer term the feeding of humanity will require expanded production of low trophic level products from the sea. We make a case that species of Ulva are easy to grow, can be commercially successful in integrated systems, are particularly successful for nutrient removal (bioremediation) in land-based systems, and are beneficial as feed components for marine animals. There is a diverse and rapidly growing literature on health benefits from the consumption of Ulva. We provide evidence for a prediction that current technological and market constraints will be overcome, and that Ulva will become a major component of global marine aquaculture.
Introduction
Seaweed aquaculture has grown faster than any other marine production sector over the last 20 years, and has had an annual global growth rate of 7.7% since 1970 (Buchholz et al. 2012 ). More than 96% of global seaweed production (23.8 million t) is produced in aquaculture, with total production currently similar to the sum of aquacultured marine molluscs, crustaceans and fish (Olsen 2015) . In 2012 an estimated 9 million tones of global seaweed production was used for direct human consumption (FAO 2014) . The vast majority of seaweed produced is still in the 'traditional seaweed industries' consisting of brown algae (mostly Saccharina and Undaria) and red algae (mostly Pyropia), with a much smaller production of red (especially Eucheuma/Kappaphycus and Gracilaria) and brown algae for phycocolloids. In contrast to the several million t yr -1 of each of the major seaweed aquaculture products, the production of "green nori" (Monostroma/Ulva) for human food was only recorded in global figures (FAO) from 2003, and only reached around 10 000 t yr -1 in 2009 (Buchholz et al. 2012 .
There are two complementary views which have recently been expressed on the future of seaweed aquaculture. Hafting et al. (2015) make a strong case that "the future of the seaweed industry will include the development of high value markets for functional foods, cosmeceuticals, nutraceuticals, and pharmaceuticals" (see also Hafting et al. 2012) . With a longer term view, there is, however, a wider consensus being formed on the importance of seaweeds, directly or indirectly, in feeding human populations on a large scale in the future. Only 1.4% of human food is produced from the sea, despite ca. 47% of global primary production being marine (Olsen 2015). Aquaculture futurologists (Duarte et al. 2009 , Olsen 2015 are convinced of the imminent necessity of producing much more food from the sea. They predict that future marine food must come from the consumption of products at lower trophic levels, including bringing fish and crustacean production to a lower trophic level by feeding algae, and the application of 'ecological thinking' in the use of Integrated Multi-Trophic Aquaculture (IMTA: Chopin et al. 2001 ) and recirculation of water. This paper makes a case for the benefits of Ulva aquaculture, using existing technology, in the potential for seaweed aquaculture. It makes a case that Ulva is among the easiest of algae to grow at high production levels, is the best material for bioremediation and excess nutrient uptake with a view to IMTA and water recirculation, and has multiple health benefits to the consumer. It can, therefore, be useful both in the functional food market and have a considerable future role in "feeding humanity" (Olsen 2015) .
One initial problem with growing Ulva is deciding what to call it. The nomenclature of Ulva is very confused, with a lack of congruence between traditional morphologicallybased taxonomic names and molecular clades. Species level taxonomy is difficult in many seaweeds (Leliaert et al. 2014) but particularly confusing in Ulva. According to Charles J. O'Kelly (pers. comm.) this may be because Ulva, "perhaps
